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Controlling Scheme For Stand-by Braking Torque Applied 

To Automotive Vehicle 
BACKGROUND OF THE INVENTION 

The present invention relates to a method and a system 
for controlling a stand-by braking torque applied to an 
automotive vehicle under a condition of approaching or following 
an obstacle preceding the vehicle. The term "obstacle" is used 
herein to mean a stationary or moving object within the path of 
the vehicle, for example, vehicles, pedestrians, etc. The term 
"stand-by braking torque" is used herein to mean a brake torque, 
i.e., a negative torque, applied to a vehicle in anticipation of 
operator braking action or when operator braking action is 
imminent under a condition of approaching or following an 
obstacle preceding the vehicle. The term "operator braking 
action" is used herein to mean vehicle operator or driver action 
to operate a brake pedal with intention to lower traveling speed 
of a vehicle. 

JP-A 7-144588 discloses a system whereby traveling 
speed and deceleration of an obstacle preceding a host vehicle 
are determined using a Doppler sensor and a vehicle speed 
sensor, which are on the vehicle, and a desired distance from the 
obstacle is determined. In this system, a vehicle operator is 
warned and an automatic braking action is initiated if the 
distance from the obstacle becomes less than the desired 
distance. 

JP-A 6-24302 discloses a system whereby, when operator 
foot leaves an accelerator pedal, two micro switches are both 
closed to energize a solenoid for activating a brake pedal. 
Energizing the solenoid pulls the brake pedal to partially activate 
a braking system before operator braking action. 

Other systems have been proposed that are intended to 
initiate braking action before operator braking action. JP-A 
8-80822 discloses a system whereby, when the time rate of 
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change of an accelerator angle upon operator releasing the 
accelerator pedal exceeds a predetermined level, a brake 
actuator is activated to partially activate a braking system 
before operator braking action. 

JP-A 10-59150 discloses a system whereby, when the 
time rate of change of a throttle angle upon operator releasing 
an accelerator pedal exceeds a predetermined level, a support 
braking torque is applied to wheels of an automotive vehicle in 
addition to braking torque applied to the vehicle wheels 
corresponding to depression of a brake pedal by vehicle 
operator. 

JP-A 11-321591 discloses a system, whereby clearance 
between brake pad and lining of an automotive vehicle is 
decreased when pressure with which an accelerator pedal is 
depressed is decreased or the accelerator pedal is released, 
thereby to shorten time and distance for vehicle operator to stop 
the vehicle. 

In the event where brake pressure is regulated to apply 
stand-by braking torque, a need remains toward a control 
strategy for brake pressure that may be used with conventional 
widely prevailing brake components. 

An object of the present invention is to meet the 
above-mentioned need by providing a method or system for 
controlling brake pressure, which does not rely on feedback 

25 control. 

SUMMARY OF THE INVENTION 

The present invention provides a method for controlling a 
stand-by braking torque applied to an automotive vehicle under 
a condition of approaching or following an obstacle preceding the 
30 vehicle, the method comprising: 

determining a brake signal for brake pressure to apply a 
brake torque, as a stand-by braking torque; 

establishing at least one brake torque threshold; 
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monitoring the brake torque; 

comparing the monitored brake torque with the 
established brake torque threshold; and 

modifying the brake signal in response to the comparing 
the monitored brake torque with the established brake torque 
threshold. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention will be 
apparent from reading of the following description in conjunction 
with the accompanying drawings. 

Figure 1 is a plan view of an obstacle avoidance situation 
on a straightway. 

Figure 2 is a schematic block diagram showing the 
arrangement of one representative implementation of a system 
for controlling stand-by braking torque applied to an automotive 
vehicle under a condition of approaching or following an obstacle 
preceding the vehicle. 

Figure 3 is a block diagram illustrating a system and 
method for brake control, which provides stand-by braking 
torque applied to an automotive vehicle under a condition of 
approaching or following an obstacle preceding the vehicle. 
. Figure 4 is a schematic sectional view of a brake actuator. 

Figure 5 is a block diagram illustrating a method of the 
present invention for controlling stand-by brake pressure. 

Figure 6 is a flowchart illustrating a series of operations of 
a control routine for carrying out one preferred embodiment of 
the present invention. 

Figure 7 is a flowchart illustrating a series of operations of 
a control routine for carrying out another preferred embodiment 
of the present invention. 

Figure 8 is a flowchart illustrating a series of operations of 
a control routine for carrying out further preferred embodiment 
of the present invention. 
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Figure 9 is a graphical representation of a relationship 
between a brake signal (P PB ) and a difference indicative counter 
(CNTttl)- 

Figure 10 is a flowchart illustrating a series of operations 
of a control routine for carrying out still further preferred 
embodiment of the present invention. 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Figure 1 shows a typical situation on a straightway 10 
having an edge 12 and a centerline 14, in which a fast moving 
automotive vehicle 20 is approaching an obstacle, in the form of 
a slow moving vehicle 22, from behind. Vehicle 20 is moving at 
a velocity in the direction of an arrow 24, and vehicle 22 at a 
velocity in the direction of an arrow 26. In Figure 1, arrows 24 
and 26 are vectors so that their lengths represent the magnitude 
of the velocities. In the front portion of vehicle 20, an obstacle 
detection system 30, shown schematically, scans roadway 10 
within an angular field 32. In this case, vehicle 22 in front is 
located inside angular field 32 and vehicle 20 is spaced at a 
distance 34. On the basis of evaluation of the environmental 
data from detection system 30, vehicle 20 will recognize the 
illustrated situation as a situation in which there is a need for 
operator braking action to reduce the vehicle speed. In this 
situation, it is required for the vehicle operator to release the 
accelerator prior to braking action. In a preferred embodiment, 
control logic is employed to determine that operator braking 
action is imminent in response to a reduction in accelerator 
angle in the situation in which a need for operator braking action 
remains, and to apply stand-by braking torque upon 
determination that operator braking action is imminent. 
Application of stand-by braking torque is adapted for assist in 
vehicle operator braking action. In another embodiment, 
control logic may be employed to determine that operator 
braking action is imminent when speed of reduction in 
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accelerator angle exceeds a threshold. 

Figure 2 provides arrangement of one representative 
implementation of a system for controlling stand-by braking 
torque in vehicle 20. The system determines a command in the 
form of a brake signal for brake pressure to apply stand-by 
braking torque. The brake signal is applied to a brake actuator 
40. For this purpose, environmental data furnished by detection 
system 30, vehicle condition (VC) sensors signals from vehicle 
condition (VC) sensors 42, and operator demand (OD) sensors 
signals from operator demand sensors 44 are supplied to a 
brake controller 46. OD sensors 44 include a sensor for 
detecting operator deceleration demand expressed through a 
brake pedal 48 and a sensor for detecting operator power 
demand expressed through an accelerator or accelerator pedal 
50. Operator power demand is applied to a powering system 52. 
In the embodiment, powering system 52 is a power train 
including an internal combustion engine, and a transmission. 
The engine has various engine speeds and engine torques. The 
transmission has various speed ratios between an input member 
driven by the engine and an output member drivingly coupled 
with at least one of wheels of vehicle 20. In a preferred 
embodiment, brake actuator 40 employs hydraulic fluid, such as 
brake oil, as working medium. 

Referring to Figure 3, a block diagram illustrates an 
operation of a system or method for controlling stand-by braking 
torque applied to an automotive vehicle under a condition of 
approaching or following an obstacle preceding the vehicle. 
System 100 preferably includes a controller, such as brake 
controller 46. Brake controller 46 comprises a 
microprocessor-based controller associated with a 
microprocessor, represented by a reference numeral 102. 
Microprocessor 102 communicates with associated 
computer-readable storage medium 104. As will be appreciable 
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by one of ordinary skill in the art, computer-readable storage 
medium 104 may include various devices for storing data 
representing instructions executable to control a braking system 
including brake actuator 40. For example, computer-readable 
storage medium 104 may include a random access memory 
(RAM) 106, a read-only memory (ROM) 108, and/or a keep-alive 
memory (KAM) 110. These functions may be carried out 
through any one of a number of known physical devices 
including EPROM, EEPROM, flash memory, and the like. The 
present invention is not limited to a particular type of 
computer-readable storage medium, examples of which are 
provided for convenience of description only. 

Controller 46 also includes appropriate electronic circuitry, 
integrated circuits, and the like to effect control of the braking 
system. As such, controller 46 is used to effect control logic 
implemented in terms of software (instructions) and/or 
hardware components, depending upon the particular 
application. Details of control logic implemented by controller 
46 are provided with reference to Figures 5-10. 

Controller 46 monitors brake torque applied, as a stand-by 
braking torque to vehicle 20, and preferably receives inputs 
from brake actuator 40 indicative of present conditions of the 
brake actuator 40. For example, controller 46 may receive 
brake system pressure indicative of a hydraulic brake pressure 
for operating one or more braking devices, which may include 
any device that applies a negative torque to front wheels 112 
and 114 and rear wheels 116 and 118. A braking device includes 
various types of friction brakes, such as disk brakes 120, 122, 
124, and 126 or drum brakes. In Figure 3, two pressure sensors, 
namely a first pressure sensor 128 and a second pressure 
sensor 129, are provided to generate brake pressure indicative 
output signals P m and P w2 , each indicative of one hydraulic 
brake pressure delivered to friction brakes 120 and 122 for front 
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wheels 112 and 114. In Figure 3, brake actuator 40 includes a 
master brake cylinder 130, with a brake booster 208, and a 
brake pedal 48. First and second pressure sensors 128 and 129 
are located to detect brake pressure within hydraulic fluid line 
interconnecting master brake cylinder 130 and friction brakes 
120 and 122. Brake booster 208 in the embodiment will be 
described later in connection with Figure 4. 

Controller 46 receives inputs from operator demand 
sensors 44, which include a brake switch 132 and an accelerator 
stroke (AC) sensor 134. The setting is such that brake switch 
132 is turned off upon operator releasing brake pedal 48 or 
turned on upon operator depressing brake pedal 48. AC sensor 
134 detects angle e of accelerator pedal 50 through 
measurement of its stroke. Controller 46 receives angle 6 and 
determines operator power demand expressed through 
accelerator pedal 50. In the embodiment, AC sensor 134 
constitutes a component of a system for determining the 
magnitude or degree of operator power demand. 

In the embodiment shown in Figure 3, controller 46 
receives input SW from a stand-by braking mode (SBBM) switch 
136, which may be manually operated or automatically operated 
in view of circumstances around the vehicle 20. The setting is 
such that controller 46 performs operation in stand-by braking 
mode upon selection of the mode by SBBM switch 136. 

Controller 46 receives environmental data from obstacle 
detection system 30. In the embodiment shown in Figure 3, 
obstacle detection system 30 includes a radar sensor in the form 
of conventional laser radar or millimeter wave (MMW) radar 
sensor mounted in a forward section of vehicle 20. The 
conventional laser radar sensor comprises such known elements 
as laser diodes, transmission and receiver lenses, infrared filters, 
and photodiodes, as is generally understood in the art to which 
this invention pertains. MMW radar typically comprises such 
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known elements as an antenna, down converter, video 
processor, FMCW modulator and associated electronics, as is 
generally understood in the art to which this invention pertains. 
The radar sensor propagates a signal along the path of vehicle 
20 and collects reflections of the signal from an obstacle in or 
near the path. Obstacle detection system 30 further comprises 
an analog-to-digital converter of any suitable conventional type 
for converting the radar sensor output signal to a digital form for 
processing in microprocessor 102 to determine a distance L 
between vehicle 20 and an obstacle preceding the vehicle or a 
range to the obstacle. 

Controller 46 receives input from a vehicle speed sensor 
138. Vehicle speed sensor 138 is provided to measure or detect 
speed of rotation of the transmission output member. The 
vehicle speed sensor output signal is converted to a digital form 
by a suitable conventional ana log -to-digital converter for 
processing in microprocessor 102 to determine vehicle speed 
Vm of vehicle 20. Most current vehicles are provided with a 
microprocessor-based controller, such as, an engine controller 
or an automatic transmission controller, which processes input 
from a vehicle speed sensor to determine vehicle speed Vm. In 
such case, controller 46 may receive the determined vehicle 
speed from such controller. 

In embodiments of the present invention, processor 102 
of controller 46 effects processing input data to determine and 
applies a brake signal to brake booster 208. 

Referring to Figure 4, brake booster 208 includes an 
electro-magnetically operable control valve arrangement 240. 
Controller 46 provides braking command or signal to control 
valve arrangement 240 for adjustment of brake pressure to 
accomplish a target value of stand-by braking torque. Brake 
booster 208 comprises an essentially rotation symmetrical 
housing 242, in which a rear chamber 244 and a front chamber 
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246 are arranged and separated from each other by a movable 
wall 248. Control valve arrangement 240 is coupled with 
movable wall 248 for a common relative movement with respect 
to housing 242. The front end of rod-shaped actuation member 
220, which is coupled with brake pedal 48, acts on control valve 

arrangement 240. 

Within brake booster 208, a power output member 250 is 
arranged which bears against control valve arrangement 240. 
Power output member 250 is provided for activation of master 

brake cylinder 130. 

Control valve arrangement 240 comprises an essentially 
tubular valve housing 252. The front end of valve housing 252 is 
coupled to movable wall 248. A return spring 254 arranged 
within brake booster 208 resiliently biases the control valve 
arrangement 240 rearwardly. Within valve housing 252, an 
electromagnetic actuator 300 is arranged which includes a 
solenoid coil 300a and a plunger 300b. Arranged within % plunger 
300b is an operating rod 302. The front end of operating rod 
302 bears against power output member 250. A return spring 
304 located within plunger 300b has one end bearing against a 
retainer (no numeral) fixedly connected to plunger 300b and 
opposite end bearing against the rear end of operating rod 302. 
The front ball end of rod-shaped actuator 220 is fixedly inserted 
into socket recessed inwardly from the rear end of operating rod 
302. A return spring 306 located within valve housing 308 has 
one end bearing against a shoulder of valve housing 308 and 
opposite end bearing against a shoulder of rod-shaped actuator 
220. 

Valve housing 308 is formed with a passage 310 through 
which fluid communication between rear and front chambers 
244 and 246 is established. The front end of passage 310 is 
always open to front chamber 246, while the rear end of passage 
310 is located within a valve seat 312. Valve seat 312 is located 
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within an annular space defined between plunger 300b and 
valve housing 308 and faces a valve member 314 that forms an 
upper portion of a slide. The slide is located between plunger 
300b and valve housing 308. A return spring 316 has one end 
bearing against an integral abutment 318 of plunger 300b and 
opposite end bearing against the slide. An air admission port 
320 is formed through a lower portion of the slide. This lower 
portion of the slide serves as a valve seat 322. Port 320 is 
provided to admit ambient air into rear chamber 244. Valve seat 
322 formed with port 320 faces a valve member 324 integral 
with plunger 300b. Valve seat 312 and valve member 314 
cooperate with each other to form an interruption or vacuum 
valve. Valve seat 322 and valve member 324 cooperate with 
each other to form an ambient air admission valve. 

In the rest position shown in Figure 4 with the vacuum 
source disconnected, atmospheric pressure prevails in both 
chambers 244 and 246. With the vacuum source connected, i.e., 
with the engine running, a vacuum builds up in front chamber 
246 so that movable wall 248 together with the control valve 
arrangement 240 is slightly displaced in a forward direction. 
Accordingly, a new pressure balance is achieved between two 
chambers 244 and 246. From this position, a lost travel free 
activation of the brake booster 208 is ensured. 

Under a normal brake actuation by the vehicle operator, 
the brake booster 208 operates in a usual manner by 
interrupting the connection between two chambers 244 and 246 
via the interruption valve (312, 314) and admitting ^b.enta'r 
into rear chamber 244 via the ambient air admission valve (324, 
322) 

' Electromagnetic actuator 300 can actuate control valve 
arrangement 240. For this purpose, current through solenoid 
300a is regulated in response to the command furnished by 
brake controller 46. This command causes a displacement of 
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control valve arrangement 240 so that ambient air can flow into 
rear chamber 244. 

With reference to Figure 5, a method of the present 
invention for controlling a stand-by braking torque is generally 
indicated at 400. At block 402, a brake signal for brake pressure 
to apply a brake torque, as a stand-by braking torque, is 
determined. At block 404, at least one brake torque threshold is 
established. At block 406, the applied brake torque is monitored. 
At block 408, the monitored brake torque is compared with the 
established brake torque threshold. At block 410, the brake 
signal is modified in response to the comparing the monitored 
brake torque with the established brake torque threshold. 

In a preferred embodiment of this invention, a braking 
system is employed, which uses hydraulic brake fluid as working 
medium. In such a case, operations for monitoring the brake 
torque include pressure detections, by sensors 128 and 129, for 
example. Pressure of the hydraulic brake fluid is detected at a 
first location within the braking system to generate a first output 
signal Pm indicative of the detected pressure. Pressure of the 
hydraulic brake fluid is detected at a second location within the 
braking system to generate a second output signal Pm indicative 
of the detected pressure. The first and second output signals 
(Pm, Pm) are processed to provide at least one variable (Pm, Plo, 
aPmax, aPmin) expressing one of characteristics of the brake 
torque. Instantaneous magnitude of the brake torque, and time 
rate of change of magnitude of the brake torque are examples of 
the characteristics of the brake torque. 

In a first preferred embodiment of the present invention, 
the first and second output signals (Pm, Pm) are processed to 
select a higher one of the first and second output signals (Pm, 
P W2 ) as the variable (P HI ), which expresses the instantaneous 
magnitude of the brake torque. In a second preferred 
embodiment of the present invention, a lower one of the first 
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and second output signals (Pwi, Pm) is selected as the variable 
(Plo), which expresses the instantaneous magnitude of the 
brake torque. 

In a third preferred embodiment of the present invention, 
a higher one of the first and second output signals (Pwi, Pm) is 
selected to determine a first value of the variable (Pm), and a 
lower one of the first and second output signals (Pwi, Pm) is 
selected to determine a second value of the variable (P Lo )- The 
first and second values represent the variable, which expresses 
the instantaneous magnitude of the brake torque. Ideally, the 
first and second output signals (Pwi, Pm) are the same and the 
first and second values are equal to each other. Under the real 
conditions, the first and second output signals (Pwi, Pm) are 
subject to variation even if the first and second detection 
locations are the same. 

In a fourth embodiment of the present invention, the first 
and second values (P Hi , Plo) of the variable, which are 
determined in a current processor operating cycle, are sampled 
as current sampled first and second values (Pm(n), Plow), 
respectively. The previously determined first and second values 
of the variable, which were determined in the preceding 
operating cycle, are sampled as old sampled first and second 
values (P Hi( n-i), PLo ( n-i)), respectively. A first time rate of change 
APi is calculated, which is expressed as a ratio of [a difference 
between the current sampled first value Pnm and the old 
sampled second value P Lo( n.i)] to [a cycle time AT]. A second 
time rate of change AP 2 is calculated, which is expressed as a 
ratio of [a difference between the current sampled first value 
P Hi(n) and the old sampled first value P H «n-i)] to [the cycle time 
AT]. A third time rate of change AP 3 is calculated, which is 
expressed as a ratio of [a difference between the current 
sampled second value P L0 (n) and the old sampled second value 
P L o(n-i)] to [the cycle time AT]. A fourth time rate of change AP 4 



-13- P01NM-044US 99-01664 

is calculated, which is expressed as a ratio of [a difference 
between the current sampled second value P L0 (n) and the old 
sampled first value P m .i)l to [the cycle time AT]. The 
maximum value APmax and the minimum value APmax are 
selected among the first, second, third, and fourth time rates of 
change (aPi, aP 2 , aP 3 , AP 4 ). In each of the embodiments, the 
cycle time AT is 1 0 milliseconds. 

According to the first embodiment, the established brake 
torque threshold P m indicates a brake pressure value as high as 
0.3 MPa. The setting of this brake pressure value is such that 
vehicle longitudinal deceleration, due to brake torque caused by 
delivering this brake pressure over a period of time, for example, 
100 milliseconds, to the friction brakes (120, 122, 124, 126), 
falls in a window lying below a limit beyond which vehicle 
longitudinal deceleration is not acceptable by the vehicle 
operator. In the first embodiment, the variable Pm, which has 
been given by selecting the higher one of the first and second 
output signals (Pm, Pwz), is compared with threshold P Hi0 . 
Processor operations to perform this comparison include 
increasing content of a counter (CNT Hi ) if variable P Hi is greater 
than or equal to threshold P Hl o, and determining whether or not 
the content of counter (CNT Hi ) is greater than or equal to a 
predetermined number (CNT Hi0 ). In the first embodiment, the 
processor operation cycle time AT is 10 milliseconds, so that the 
predetermined number (CNTwo) is ten (10) to represent a 
preferred period of time of 100 milliseconds. Upon 
determination that the content of the counter (CNT Hi ) is greater 
than or equal to the predetermined number (CNT H ;o), the brake 
signal P PB is reduced toward zero. 

According to the second embodiment, the established 
brake torque threshold P Lo o indicates a brake pressure value as 
high as 0.01 MPa. The setting of this brake pressure value is 
such that system performance obtained by brake torque caused 
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by delivering this brake pressure over a period of time, for 
example, 100 milliseconds, to the friction brakes (120, 122, 124, 
126), is slightly above a limit level below which the intended 
performance of the system drops considerably. In the second 
embodiment, the variable P Lo , which has been given by selecting 
the lower one of the first and second output signals (Pwi, Pwi), is 
compared with threshold P Lo0 . Processor operations to perform 
this comparison include increasing content of a counter (CNT Lo ) 
if variable P Lo is greater than or equal to threshold P Lo o, and 
determining whether or not the content of counter (CNT Lo ) is 
greater than or equal to a predetermined number (CNT Lo0 )- In 
the second embodiment, the processor operation cycle time AT 
is 10 milliseconds, so that the predetermined number (CNT Lo0 ) is 
ten (10) to represent a preferred period of time of 100 
milliseconds. Upon determination that the content of the 
counter (CNT Lo ) is greater than or equal to the predetermined 
number (CNT Lo0 ), the brake signal P PB is increased toward a 
predetermined maximum value (Ppbmax)- In the second 
embodiment, the predetermined maximum value (Ppbmax) 
indicates a brake pressure value as high as 0.2 MPa. 

According to the third embodiment, two brake torque 
thresholds, namely, a first brake torque threshold Pmo and a 
second brake torque threshold P Lo o, are provided. In this 
embodiment, the first and second thresholds (Pho, Ploo) indicate 
a brake pressure value as high as 0.3 MPa and a brake pressure 
value as high as 0.01 MPa, respectively. The setting of these 
brake pressures is derived from the same reasons explained 
above in connection with the first and second embodiments. In 
the third embodiment, the first and second values of the variable 
(Phi, Plo), which have been determined due to selection of a 
higher one and a lower one of the first and second output signals 
(Pwi, Pm), are compared with the first and second thresholds 
(Pmo, Ploo), respectively. Processor operations to perform this 
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comparison include increasing content of a down counter 
(CNT DN ) if the first value of the variable Phi is greater than or 
equal to the first threshold P Hi o, and increasing content of an 
up-counter (CNT UP ) if the second value of the variable P Lo is less 
than or equal to the second threshold P Lo o. Content of a total 
counter (CNTttl) is calculated by subtracting the content of the 
up-counter (CNT UP ) from the content of the down-counter 
(CNT DN ). In the third embodiment, the content of the total 
counter (CNTttl) is used to modify the brake signal P PB . With 
reference to Figure 9, the fully drawn line 420 illustrates one 
pattern of variation of the brake signal P PB against the content of 
total counter (CNTttl). In Figure 9, the vertical axis represents 
P PB , while the horizontal axis represents CNTttl- The reference 
character P PB0 , which indicates a point at which the fully drawn 
line 420 intersects the vertical axis, represents an initial value of 
brake signal P PB and indicates, in this embodiment, a brake 
pressure value as high as 0. 1 MPa. In the third embodiment, the 
processor operation cycle time AT is 10 milliseconds, so that the 
reference character CNTttlo indicates a predetermined number 
z U of ten (10) to represent a preferred period of time of 100 
t milliseconds. Similarly, the reference character -CNTttlo 

indicates a predetermined number of ten (10) to represent a 
preferred period of time of 100 milliseconds. The reference 
character P PB max indicates a predetermined maximum value of 
brake pressure as high as 0.2 MPa. In the third embodiment, the 
brake signal P PB stays as great as the initial value P PB0 when the 
content of total counter (CNTttl) is zero. In the event the 
content of total counter (CNTttl) is greater than zero, the brake 
signal P PB is decreased toward zero as the content of the total 
counter (CNTttl) increases. In the event the content of total 
counter (CNTttl) is less than zero, the brake signal P PB is 
increased toward the predetermined maximum value P PBM ax as 
the content of the total counter (CNTttl). As illustrated by the 
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fully drawn line 420, the brake signal P PB is equal to Ppbmax if 
CNTm is equal to or less than -CNTttlo, and the brake signal P PB 
is equal to zero if CNTm is equal to or greater than CNTttlo- The 
fully drawn line 420 of Figure 9 illustrates one example of 
various patterns of variation of the brake signal P PB versus 
CNTnu only. The present invention is not limited to this 
example. In Figure 9, two-dot chain lines 422 and 424 illustrate 
other examples wherein the initial value P PB0 is different from 0. 1 
MPa In Figure 9, one-dot chain line 426 illustrates still other 
example wherein the features of the first and second 
embodiments are implemented. Describing specifically along 
with the one-dot chain line 426 in Figure 9, the brake signal P PB 
is held as high as the initial value P PB0 if the content of total 
counter CNTttl is greater than -CNTttlo or less than CNTttlo, 
while the brake signal P PB is set equal to zero if the content of 
total counter CNTm is equal to CNTttlo or it is set equal to P PB max 
if CNTm is equal to -CNTttlo- In this case, if desired, the brake 
signal P PB may be gradually increased toward P PB max as 
illustrated by the fully drawn line 420 as the content of total 
counter CNTm decreases from zero toward -CNTttlo. 

According to the fourth embodiment, two brake torque 
thresholds, namely, a first brake torque threshold aPmaxo and a 
second brake torque threshold AP MIN o are provided. In this 
embodiment, the first threshold APmaxo indicates a time rate of 
change in brake pressure as great as the maximum of various 
time rates of change in brake pressure available during operator 
operation of a brake pedal in normal braking. The second 
threshold AP MJN0 indicates a time rate of change in brake 
pressure as great as a time rate of change in brake pressure, 
below which the intended performance of the system drops 
considerably. In the fourth embodiment, the first and second 
values of the variable (AP MM , which have been 

determined due to selection of the maximum and the minimum 
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among the first, second, third, and fourth time rates of change 
(6P1 AP2, tP* aP 4 ) are compared with the first and second 
thresholds (AP MM o, aPmino). The brake signal P PB is decreased to 
zero if the first value of the variable aPmax is greater than or 
equal to the first threshold aPmaxo- The brake signal P PB is 
increased toward a predetermined maximum value Ppbmax by a 
predetermined amount AP PB0 if the second value of the variable 
AP MIN is less than or equal to the second threshold APmino- In the 
fourth embodiment, the predetermined maximum value Ppbmax 
indicates a brake pressure value as high as 0.2 MPa. 

In each of the first to fourth embodiments, the brake 
signal P PB initially corresponds to the initial value P PB0 upon 
determination that vehicle operator braking action is imminent 
This initial value P PB0 is fixed in the embodiments for illustration 
purpose only. The present invention is not limited to the use of 
such fixed initial value P PB0 . The initial value P PB0 may be subject 
to variation to cope with various vehicle and/or environmental 
conditions when operator braking action is imminent. 

With reference to Figure 3, a series of operations are 
stored in computer readable storage medium 104 in the form of 
sequences of instructions implemented in software for 
determining a brake signal for brake pressure to apply a brake 
torque, as a stand-by braking torque, establishing at least one 
brake torque threshold, monitoring the brake torque, comparing 
the monitored brake torque with the established brake torque 
threshold, and modifying the brake signal in response to the 

comparison. . . 

Figure 6 illustrates a series of operations for carrying out 
the first preferred embodiment of the present invention. The 
process steps of Figure 6 are periodically executed in brake 
controller 46 when stand-by braking mode is selected by SMMB 
switch 136 (see Figure 3) after the ignition has been on and 
electric power has been applied to controller 46. 
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In Figure 6, a control routine is generally indicated at 500. 
The process steps of control routine 500 are carried out every AT 
(for example, 10 milliseconds) in controller 46 as prov,ded 
through a standard computer timer-based interrupt process. 

Each sequential execution of the microprocessor 
operations of Figure 6 begins at start block 502 and proceeds to 
process block 504. At block 404 f the processor receives output 
signals from sensors, including pressure sensors (128, 129), al 
sensor 134 and vehicle speed sensor 138, from sw,tches, 
including brake switch 132, SBBM switch 136, and from systems 
including obstacle detection system 30. At block 506, the 
processor determines a value of traveling speed or vehicle speed 
Vm of vehicle 20 (see Figure 2). At block 508, the processor 
determines a value of distance L between vehicle 20 and the 
preceding obstacle 22 based on the information received from 
"obstacle detection system 30. At block 510, 
calculates the time rate of change in distance dL/dt (relative 
speed between vehicle 20 and the preceding obstacle 22) 

At the next block 512,the processor calculates a target 
value of deceleration G** which is expressed as: 

G * = {Vm 2 _ (Vm - dL/dt) 2 }/2L ... (1), 

where: Vm represents the determined value of veh.cle 

speed, and ^ f/|fi determined value of distance 

between a vehicle and an obstacle preceding the vehicle. 

The process then goes to block 514. At block 514, 
accelerator angle e is compared with a predetermined angle e 0FF 
, for determination whether or not accelerator pedal 50 is 
released. In guery at block 514, if 8 is less ^""^T 'JZ 
(answer "YES") indicating the state where 
is released, the process goes to block 516. At block 51 6, a brake 
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switch output S s « from brake switch 132 is ^ e t,!"Zer 
at block 516, if brake switch output Sbpk is equal to 0 (answer 
■■YES") indicating the state where brake pedal 48 is released the 
process goes to block 518. At block 518, the absolute value of 
q x * is compared with a predetermined value G m *. In query at 
block 518, If the absolute value ofGx* is less than G»* (answer 
"NO"), the process goes to block 520. In query at block 518, if 
the absolute value of Gx* is greater than or equal to G m 
(answer -YES"), the process goes to block 522. At block 520, he 
processor resets a stand-by braking in-progress flag F» At 
block 522, the processor sets this flag F„. ™f<%*»*£ 
is periodically checked (at block 538) to fmd Aether brake 
signal P P s is set higher than zero (at block 544) or ,t is set equal 
to zero (at block 546). Flatly speaking, it <s when flag Fpb is set 
that brake torque is applied, as stand-by braking torque, while, 
is when flag Fpb is reset that no brake torque is appUed, as 

stand-by braking torque. 

in query at block 514, if e is less than or equal toy 
(answer "NO") indicating the state where accelerator pedW 50 « 
depressed, the process goes to block 520. In query at block 516 
if brake switch output is equal to "1 (answer NO ) 
indicating the state where brake pedal 48 is depressed, the 

Zue ok' is less than G m * («^r -NO") the process goes 
to block 520. The three enquires at three blocks 514, 516 and 
518 constitute control logic for a shift of the status of flag Fpb 
from "0" to "1 " and a reverse shift from "1 "to 0. 

From the preceding description of the control routme 500 
it is to be appreciated that the processor determines hat 
, op Z brakZg action in imminent, using the control og,c 
constituted by blocks 514, 516, and 518, and sets or keeps 
settina flaq Fpb (Fpb =D- Of course, any number of different 
7ontZ logic: may be' used. Control logic including Image 
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processing of CCD camera situated as high as operator eyes 
level is an example of such different control logics. 

With continuing reference to Figure 6, the process goes 
from block 522 to block 524. At block 524, the processor selects 
a higher one and a lower one of first and second output stgnals 
P m and P W2 from pressure sensors 128 and 129, and stores the 
selected higher and lower ones as a higher value P H ; and a lower 
value P L0 of a variable, respectively. This variable expresses, as 
one of characteristics of brake torque, instantaneous magnitude 
of the brake torque. The process then goes to block 526. 

At block 526, the higher value P Hi of the variable is 
compared with a brake torque threshold P Hi0 that indicates a 
brake pressure value as high as 0.3 MPa. In query at block 526, 
if variable P Hi is greater than or equal to threshold Phio (answer 
"YES") the process goes to block 528. In query at block 526, if 
P Hi is less than P HiQ (answer "NO"), the process skips to block 530. 
At block 528, the processor performs an increment of counter 
CNThi by increasing content of counter CNT H , by 1 (one). The 
processor next goes to block 530. 

At block 530, the content of a stand-by braking manager 
counter CNT is compared with a predetermined time threshold 
CNTo The time threshold CNT 0 is a predetermined number of 
one hundred (100) to represent a period of time of one second 
that is 1000 milliseconds, because one cycle time AT is 
milliseconds. In query at block 530, if the content of counter 
CNT is greater than or equal to time threshold CNTo (answer 
"YES"), the process goes to block 532. In query at block 530 if 
CNT is less than CNT 0 (answer "NO"), the process skips to block 
534. At block 532, the processor resets flag F PB . The process 

goes next to block 534. 

At block 534, the content of counter CNT H , is compared 
with a predetermined number CNT Hi0 . The predetermined 
number CNT m is ten (10) to represent 100 milliseconds. In 



-21- 



P01NM-044US 99 01664 



query at block 534, if content of counter CNT Hi is greater than or 
equal to CNTwo (answer "YES"), the process goes to block 536. 
In query at block 534, ifCNT H ; is less than CNTwo (answer "NO"), 
the process skips to block 538. At block 536, the processor 
resets flag F PB . The process goes next to block 538. 

After block 520, the process goes to blocks 540 and 542, 
and then to block 538. At block 540, the processor resets 
counter CNT H , At block 542, the processor resets counter CNT. 

At block 538, the flag F PB is checked. In query at block 538, 
if flag F PB is set, indicating that operator braking action is 
imminent, the process goes to block 544. In query at block 538, 
if flag F PB is reset, the process goes to block 546. At block 544, 
brake signal P PB is set to correspond to an initial value P PB o that is 
as high as 0.1 MPa, in this embodiment. The process goes to 
next block 548. At block 548, the processor performs an 
increment of counter CNT by increasing content of counter CNT 
by 1 (one). The process goes to return block 550. At block 546, 
brake signal P PB is set to correspond to zero pressure value. The 
processor skips to return block 550. 

In the first embodiment, the query at block 518 is utilized 
as an analysis to determine whether there is a need for operator 
braking action to avoid a potential problem to the vehicle posed 
by an obstacle preceding the vehicle. In addition to the analysis 
at block 518 that concludes that the obstacle preceding the 
vehicle poses a potential problem to the vehicle, the 
microprocessor operations at blocks 514 and 516 are carried out 
to determine whether operator braking action is imminent to 
avoid the potential problem. At block 514, further analysis 
utilizes accelerator angle e as operator power demand 
information. Alternatively, in the place of accelerator angle 6, a 
throttle position or a pulse width of fuel injection pulse may be 
. utilized. In block 422, a stand-by braking in-progress flag F PB is 
checked. Upon determination that operator braking action is 
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imminent, the processor sets flag F PB at block 522. 

In query at block 514, if accelerator pedal 50 is not 
released, the processor resets flag F PB at block 520. In query at 
block 516, if brake pedal 48 is depressed, the processor resets 
flag F PB at block 520. In query at block 518, if the absolute value 
of G X * is less than G x0 *, the processor resets flag F PB at block 
520. After block 520, the processor resets counters CNT HI and 
CNT at blocks 540 and 542, respectively. 

If flag F PB is set, the process goes from block 538 to block 
544 where brake signal P PB corresponding to P PB o is applied to 
electromagnetic actuator 300 of brake booster 208, applying 
brake torque corresponding to brake pressure P PB0 as stand-by 
braking torque. If flag F PB is reset, the process goes from block 
538 to block 546 where brake signal P PB is set equal to zero, 
applying no brake torque as stand-by braking torque. 

According to the first embodiment, at block 524, the first 
and second output signals (Pwi, Pwz) are processed to select a 
higher one of the first and second output signals (P m , Pwz) as 
the variable P H > which expresses the instantaneous magnitude 
of the brake torque. If, in query at block 526, the variable P Hi is 
greater than or equal to threshold P m , increment of counter 
CNThu is performed at block 528. If content of counter CNT Hi 
reaches CNT Hi0 (100 milliseconds) at block 530, flag F PB is rest at 
block 532. Thus, the process goes from block 538 to block 546 
where brake signal P PB is reduced toward zero. 

It will be appreciated that deceleration due to excessively 
great brake torque is effectively suppressed before being 
perceived by vehicle operator as unacceptable. 

According to the first embodiment, in query at block 530, 
if content of counter CNT reaches CNT 0 (1 second), flag F PB is 
reset at block 532. In the case, too, the process goes from 
block 538 to block 546 where brake signal P PB is reduced toward 



zero. 
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Figure 7 illustrates a series of operations for carrying out 
the second preferred embodiment of the present invention. In 
Figure 7, a control routine is generally indicated at 600. The 
process steps of control routine 600 are carried out every 10 
milliseconds in controller 46 as provided through a standard 
computer timer-based interrupt process. 

Each sequential execution of the microprocessor 
operations of Figure 7 begins at start block 602 and proceeds to 
block 504. Control routine 600 of Figure 7 is substantially the 
same as control routine 500 of Figure 6 except the provision of 
blocks 704, 706, 70S, and 710 instead of the blocks 526 and 
528, and the provision of block 712 instead of the blocks 534 
and 536, and the provision of block 720 instead of the block 544 
and the provision of blocks 714, 716, and 718 instead of the 
blocks 540 and 542. Thus like reference numerals are used 
throughout Figures 6 and 8 to indicate like blocks. 

At block 526A, the lower value P Lo of the variable ,s 
compared with a brake torque threshold P Lo o that indicates a 
brake pressure value as high as 0.01 MPa. In query at block 
526A, if variable P Lo is less than or equal to threshold P Lo o 
(answer "YES"), the process goes to block 528A. In query at 
block 526A, ifP L0 is greater than P Lo o (answer "NO"), the process 
skips to block 530. At block 528A, the processor performs an 
increment of a counter CNT Lo by increasing content of counter 

CNTlo by 1 (one). 

After microprocessor processing at blocks 530 and 532 
the process goes to block 534A. At block 534A, the content of 
counter CNTlo is compared with a predetermined number CNTlo, 
The predetermined number CNT Lo0 is ten (10) to represent 100 
, milliseconds. In query at block 534A, if content of counter CNTlo 
is greater than or equal to CNTloo (answer "YES"), the process 
goes to block 536A. In query at block 534A, if CNT^s less than 
CNThio (answer "NO"), the process skips to block 538. At block 
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S36A the processor sets a predetermined maximum value 
Pmm as an initial value P, M . The process goes next to block 
The processor resets counter CNTu, at block 540A after 
block 520. Then, the process goes to block 538. 

At block 538, nag F PS is checked. In query at block 538, if 
flag F„ is set (answer "YES"), indicating that operator braking 
action is imminent, the process goes to block 544. In query at 
block 538, if flag Fp 8 is reset (answer "NO"), the process goes to 
block 546. At block 544, brake signal Pps is set to corresponds 
initial value ft» This initial value is as high as 0.1 MPa, in this 
embodiment, if CNTu, stays less than CNT LM but becomes as 
high as (- 0.2 MPa, in the embodiment) if <W« 
CWTi* The process goes to next block 548. At block 548, the 
pressor performs an increment of counter CNT by increasing 
content of counter CNT by 1 (one). The process goes to return 
block 604. At block 546, brake signal Pn is set to correspond to 
zero pressure value. The process skips to return block 604. 

According to the second embodiment, counter CNT L <, is 
increased if variable ft. is less than or equal to P M (see blocks 
S26AandS28A). If counter CNTu> reaches CNTloo, thevalueP PB o 
corresponds to /W and thus brake signal P K corresponds to 
Pm J(see blocks 534A, 536A, 538, and 544). Thus, ,f the state 
wlvere Plq is less than or equal to ft* continues or 00 
milliseconds, brake pressure is increased to a level as high as 
0 2 MPa. In this manner, the intended system performance of 
supporting operator braking action is maintained. 

Figure 8 illustrates a series of operations for carrying out 
the third preferred embodiment of the present invention. In 
Figure 8, a control routine is generally indicated at 700. The 
process steps of control routine 700 are carried out every 10 
Zisecondsin controller 46 as provided through a standard 
computer timer-based interrupt process. 

Each sequential execution of the microprocessor 
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operations of Figure 8 begins at start block 702 
block 504. Control routine 700 of Figure 8 <s substanually the 
Tme as control routine 500 of Figure 6 except We proven of 
blocks 704 706, 708, and 710 instead of the blocks 526 and 528, 
, ndhep ovision of block 7X2 instead of the block 536, and the 
ovision of block 720 instead of * £ 
provision of blocks 714, 716, and718 ,ns tead of the bocks 40 
and 542. Thus like reference numerals are used throughout 
Fimires 6 and 8 to indicate like blocks. 
0 F ' 9 n L third embodiment, at block 524, the processor 
selects a higher one of first and second output Signals Pm and 
P to determine a first or higher value P H of the vanable, and 

15 the processor compares higher value r» mw 

0 3 MPa in the embodiment). In query at block 704, ,f Ph, s 

block 706. in guery at block 704, ifP H ,,s less than 
"Mr;, the process skips to block 708. At block 706 the 
„ processor performs increment of a dov,n-coun*r ^7 the 
increasing content of counter CNTon by 1 (one). Next, 

threshold Puo (- 0.01 MPa). In guery at block 
25 than or egua, to P M (answer 'YES'), the process goes to block 
710 in guery at block 708, if Pu, is greater than P LM (answer 
Z' Z Process skips to block 530. At block 710, the 
processor performs increment of an up-counter CNTu P by 
increasing content of counter CNT UP by 1 (one). Next, 
3 o process goes to block 530. 

m ^7Z P " " Z ZLor 
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content of up-counter CNTu, from the content of down-counter 

^Tne process then goes to block 538. After block 520 We 
processor resets counters CNTdh, CNTup, and <™«£*™ 
716 and 718, respectively. Then, the process goes to block 
712. Atblock712, contentoftotalcounterCNTmbecomeszero. 

Then, the process goes to block 538. 

At block 538, flag is checked. In query at olock538 <f 
flag F„ is set (answer "YES"), indicating that operator braking 
a ctm is imminent, the process goes to block 720. In query at 
bM 538 if flag F K is reset (answer "NO'), the process goes to 
Ick 546 At block 720, the processor refers to tne fully drawn 
Z 420 in Figure 9 using CNT n by table look-up or arithmetic 
opeZn, for example, to find an appropriate brake pressure 
vaue to be set as brake signal P» The process goes to next 

counter CNT by increasing content of counter CNT by 1 (onel 
Next the process goes to return block 722. At block 546, brake 
signal * set to correspond to zero pressure value. The 
orocess skips to return block 722. 

According to the third embodiment, the content of total 
counter CNT m determines an appropriate brake pressure value 
Th ch brake" ignal P K corresponds to, as illustrated by the fully 
l aw, l i ne 420 in Figure 9. As illustrated, within a — 
drawn wie ^ » nreater the content of 

limited by -CNTmo and by CNTm* the greater 
total counter CNTrru the less brake signal P„js. In J*^ 
content of total counter - Wm * positive and no, grea ' t n 
rur the areater the content of counter CNTttu the less 

, is negative, the less the content of counter CNTm, the greater 

^ Telchtthe first to third embodiments, microprocessor 
processing to increase the content of counter, such as CNTm 
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CNT L0 CNTqn/ and CNT UP , is nothing but counting a period of 
Ze during Ihich the associated variable, such as P Hi and P L0 , 
pyrpeds its associated threshold. . 

Figure 1 0 illustrates a series of options for carrying out 

In the fourth embodiment, at block 514, we p 
(PHi(n), Plow), respectively variable, 

rate ofcnange * b wN* is expressed as a ^ Wjr^ 
X/e «/"c/> * expressed as a raw, (tarM^ 
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aPmax and the minimum value aPmax among the first, second, 
third, and fourth time rates of change tP u and The 

process goes next to block 808. 

According to the fourth embodiment, two brake torque 
thresholds, namely, a first brake torque threshold aPmaxo and a 
second brake torque threshold APmino are provided. In this 
embodiment, the first threshold aPmaxo indicates a time rate of 
change in brake pressure as great as the maximum of various 
time rates of change in brake pressure available during operator 
operation of a brake pedal in normal braking. The second 
threshold AP MlN0 indicates a time rate of change ,n brake 
pressure as great as a time rate of change in brake pressure, 
below which the intended performance of the system drops 
considerably. At block 808, the processor compares APmax with 
aPmaxo- In query at block 808, if APmax is greater than or equal to 
aPmaxo (answer "YES"), the process goes to block 810. In query 
at block 808, if APmax is less than APmaxo (answer "NOV, the 
process skips to block 812. At block 810, the processor resets 
flag F PB . The process then goes to block 812. 

At block 812, the processor compares APmin with APmino- In 
query at block 812, if APmin is less than or equal to APmino 
(answer "YES"), the process goes to block 814. In query at 
block 812, if APmin is greater than APmino (answer "NO"), the 
process skips to block 530. At block 814, the processor resets 
flag F PB . The process then goes to block 814. At block 814, the 
processor performs an increment of brake pressure value P PB o by 
increasing Ppbo by a predetermined amount APpbo- Next, the 
process goes to block 816. At block 816, the processor 
compares P PB0 with a predetermined maximum value Ppbmax- In 
the embodiment, the predetermined maximum value P PB max 
indicates a brake pressure value as high as 0.2 MPa. In query at 
block 816, if Ppbo is greater than or equal to Ppbmax (answer 
"YES") the process goes to block 818. in query at block 816, if 
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p is tess than Pnmx (answer "NO"), the process skips to block 
sZ ThlTkSlsX processor sets P^ as /W ™e». tte 

an ,n,« /*» as ft. at Wo* 620. The processor goes 

counts compared with a predetermined me threshoid 
rT The t im e threshold CNT. is a predetermined number of 
Zlhundeloo, to represent a period of time of one second 

Zt is 1 ooo ~ r^r/o^ 

^t^To^ 

Z") the process goes to block 532. In auery at blocks* 
CNT is less than CNT 0 (answer -NO"), the process skips to block 
S38 At block 532, the processor resets flag F P , The process 

^ TS£ "em F re is checked. In guery at block 538 

if flag Tjis set, indicating that operator braking action ,s 
if flag fPB * * / In query at block 538, 

1 lessor sets brake signal P„» ^^<™ 

IZesZ ZZs'Zn" rTen winter CNT byin^ 
■ content of counter CNT by 1 (one). The process goes tc eturn 
' h Zk822 At block 546, the processor sets brake s,gnal Pn to 

^ from the preceding description, it is now appreciated that 
. accord to 'the -rt, e— ^J^- 
minimum values (eP m , 0md »° ve b f° S *°T* (iPl \p 2 , 
first, second, third, ^^s^Z Signal 
AP 3 , AP 4 ) to cope with possible error* 
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(Pm ' 7^ the embodiments of this invention, application of brake 
torque as a stand-by braking torque is terminated upon operator 
depression of brake pedal (see blocks 516 and 520). If desired 
this application of brake torque may continue even after 
operator has depressed brake pedal. 

In the embodiments of this invention, brake booster ,s 
utilized to regulate hydraulic brake pressure * f^«£ ' 
target value of brake torque. This invention is not limited to this. 
If desired, a system hydraulic fluid pressure ^ ar ^\ by a 
pump may be regulated to provide brake pressure for the target 

value of brake torque. 

in the embodiments of this invention, a master cylinder s 
operated to produce brake pressure for application of brake 
torque This invention is not limited to this. If a powermg 
system employs a traction motor/generator as a power source 
a desired brake torque for stand-by braking may be applied by 
regulating current passing through the motor ...^ 
While the present invention has been particularly 
described, in conjunction with preferred embodi ments > <tis 
evident that many alternatives, modifications and variations will 
be apparent to those skilled in the art in light of the foregoing 
description. It is therefore contemplated that the appended 
claims will embrace any such alternatives, ^ 
variations as falling within the true scope and spirit of the 

present invention. n,*^*- 
This application claims the priority of Japanese Patent 
Application No. 2000-263975, filed August 31, 2000, the 
disclosure of which is hereby incorporated by reference in its 
) entirety. 



